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We consider charmless weak decays of beauty-baryons into decuplet baryons and pseudoscalar
mesons in a general framework based on SU(3)-flavor decomposition of the decay amplitudes. The
dynamical assumption independent SU(3) analysis accounts for the effects of an arbitrarily bro-
ken SU(3) symmetry in these decays. An alternative approach in terms of quark diagrams is also
provided and compared with the SU(3) decomposition in the limit of exact SU(3)-flavor symme-
try. Furthermore, the symmetries of the effective Hamiltonian is used to relate or neglect reduced
SU(3) amplitudes to derive several sum rule relations between amplitudes and relations between
CP asymmetries in these decays and identify those that hold even if SU(3) is broken.
I. INTRODUCTION
In recent times, bottom baryon decays have come
under increased scrutiny chiefly due to the large num-
ber of b-baryon production at LHCb [1]. Among sev-
eral other interesting rare decays of b-baryons, LHCb
has analyzed CP -asymmetries in bottom baryon charm-
less decays to two-body and multibody hadronic final
states [2–10]. The theoretical foundation laid out to
study B meson decays[11–51] is also useful to study bot-
tom and charmed baryon decay amplitude sum-rules and
CP asymmetry relations for various decay modes. In
particular, the general framework of SU(3) analysis in
beauty mesons as well as charm meson decays [52–63]
into two pseudoscalars (PP ), pseudoscalar-vector boson
(PV ), and two vector mesons (V V ) can be easily ex-
tended to study bottom and charmed baryon decaying
into an octet baryon and a pseudo-scalar meson [64–86].
On the other hand, experimental evidences suggest a
b baryon to a decuplet baryon transition alongside the
pseudo-scalar(vector) meson is also possible. In this pa-
per, we consider such hadronic beauty-baryon decays fea-
turing a decuplet of light baryons and a pseudoscalar
meson based on the SU(3) decomposition of the decay
amplitudes in terms of SU(3)-reduced amplitudes. An
alternate approach based on flavor flow along quark lines
is also presented which is equivalent to the SU(3) decom-
position in the limit of exact SU(3)-flavor symmetry. In
contrast to previous studies, our approach [19, 87, 88] fa-
cilitates an SU(3) decomposition of the decays in terms
of SU(3)-reduced amplitudes without any particular set
of assumptions about the underlying dynamics.
The formalism of SU(3) decomposition of the decay
amplitudes in terms of reduced SU(3) amplitudes is pre-
sented in Sec. II. The results are summarized in Ap-
pendix A and B. The quark flow diagrams are indicated
in Appendix C. The relations between the amplitudes for
beauty baryon decays into decuplet of light baryons and
pseudoscalar mesons are derived in Sec. III. The effects
of SU(3) breaking on account of s-quark mass are consid-
ered in Sec. IV. The corresponding relations between CP
asymmetries are derived in Sec. V. We finally conclude
in Sec. VI.
II. FORMALISM
In this paper we study the charmless decay of an anti-
triplet (3) beauty-baryon into a decuplet baryon (B)
and an octet pseudoscalar meson (P ), i.e. Bb(3) →
B(10)P (8). This decay is described by a Hamiltonian
with ∆Q = 0 and ∆S = −1, 0 (equivalent to ∆I3 and ∆Y
representation). The possible decays can be divided into
two sub classes, namely the ∆S = 0 and ∆S = −1 transi-
tions. The allowed final state SU(3) representations (f)
are; 8, 10, 27, 35. There are twenty physical process
possible for ∆S = 0 and another twenty for ∆S = −1.
In Appendix A, each of these decay modes are decom-
posed in terms of the SU(3) reduced amplitudes that
add upto forty. Since the physical η and η
′
mesons are
admixtures of octet η8 and singlet η1 mesons, a study
of Bb(3) → B(10)P (1) is also necessary. Therefore one
has to take into account four (two each for ∆S = −1
and ∆S = 0) additional independent SU(3) amplitudes.
Since no assumption about the particular form of effec-
tive Hamilton has been made yet, these forty four re-
duced amplitudes are all independent of each other and
no amplitude relation exist between the decay modes.
The expression of the amplitudes in terms of reduced
SU(3) amplitudes is concisely given as,
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2A(i→ fbfm) = (−1)I3−Y2 −T3
∑
{f,R}
Y b+Ym=Y f , Y f−Y i=Y H
Ib3+I
m
3 =I
f
3 , I
f
3−Ii3=IH3
C
Ib3 I
m
3 I
f
3
Ib Im If
(
fb fm f
(Y b, Ib, Ib3) (Y
m, Im, Im3 ) (Y
f , If , If3 )
)
(
f i¯ R
(Y f , If , If3 ) (−Y i, Ii,−Ii3) (Y H , IH , IH3 )
)
C
If3 −Ii3 IH3
If Ii IH
〈f ‖ RI ‖ i〉, (1)
where, Ca,b,cA,B,C are the SU(2) Clebsch-Gordon coefficients
and
(
Ra Rb Rc
(Y a, Ia, Ia3 ) (Y
b, Ib, Ib3) (Y
c, Ic, Ic3)
)
. (2)
are the SU(3) isoscalar coefficients [89–93] obtained by
coupling the representations Ra ⊗ Rb → Rc. T is the
triality of a SU(3) representation of the initial state con-
jugate i and the phase factor appearing in front ensures
that correct signs are assigned to the individual initial
b-baryon anti-triplet. Given a form of effective Hamilto-
nian (Heff), it can be SU(3) decomposed,
Heff =
∑
{Y,I,I3}
R
F{Y,I,I3}R RI, (3)
where F{Y,I,I3}R depends on the SU(3) CG coefficients
appearing in front of the SU(3) representations (RI).
Moreover F{Y,I,I3}R also contains additional factors en-
tering Eq. (3) in form of Wilson coefficients and CKM
elements. It is also important to note that by knowing
the dynamical coefficients for different isospin values in
a given SU(3) representation, one can drop the isospin
Casimir label (I) and express the Wigner-Eckart reduced
matrix element 〈f ‖ R ‖ i〉, in its usual form, independent
of the isospin I label. By using completeness of SU(3)
CG coefficients up to a phase factor,
〈f ‖ RI ‖ i〉 = F{Y,I,I3}R
√
dim f
dim R︸ ︷︷ ︸
dynamical Coeff. of H
〈f ‖ R ‖ i〉. (4)
The lowest order effective Hamiltonian [94–96] for
charmless b-baryon decays consists of ∆S = −1 and
∆S = 0 parts. Each part is composed from the operators
O1,. . . , O10. The complete Hamiltonian can be written
as:
Heff = 4GF√
2
[
λ(s)u
(
C1(O
(u)
1 −O(c)1 ) + C2(O(u)2 −O(c)2 )
)
− λ(s)t
∑
i=1,2
CiO
(c)
i − λ(s)t
10∑
i=3
CiO
(s)
i
+λ(d)u
(
C1(O
(u)
1 −O(c)1 ) + C2(O(u)2 −O(c)2 )
)
− λ(d)t
∑
i=1,2
CiO
(c)
i − λ(d)t
10∑
i=3
CiO
(d)
i
]
, (5)
where VubV
∗
us = λ
s
u, VubV
∗
ud = λ
d
u, VtbV
∗
ts = λ
s
t , VtbV
∗
td =
λdt are the CKM elements and Ci s are the Wilson coef-
ficients. O1 and O2 are the “tree” operators:
O
(u)
1 = (u
i
Lγ
µbjL)(s
j
Lγµu
i
L)
O
(c)
1 = (c
i
Lγ
µbjL)(s
j
Lγµc
i
L)
O
(u)
2 = (u
i
Lγ
µbiL)(s
j
Lγµu
j
L)
O
(c)
2 = (c
i
Lγ
µbiL)(s
j
Lγµc
j
L). (6)
O3, . . . , O6 are the “gluonic penguin” operators:
O
(s)
3 = (s
i
Lγ
µbiL)
∑
q=u,d,s
(qjLγµq
j
L)
O
(s)
4 = (s
i
Lγ
µbjL)
∑
q=u,d,s
(qjLγµq
i
L)
O
(s)
5 = (s
i
Lγ
µbiL)
∑
q=u,d,s
(qjRγµq
j
R)
O
(s)
6 = (s
i
Lγ
µbjL)
∑
q=u,d,s
(qjRγµq
i
R). (7)
and finally O7, . . . , O10 are the four “Electroweak pen-
guin” (EWP) operators:
O
(s)
7 =
3
2
(siLγ
µbiL)
∑
q=u,d,s
eq(q
j
Rγµq
j
R),
O
(s)
8 =
3
2
(siLγ
µbjL)
∑
q=u,d,s
eq(q
j
Rγµq
i
R), (8)
3O
(s)
9 =
3
2
(siLγ
µbiL)
∑
q=u,d,s
eq(q
j
Lγµq
j
L),
O
(s)
10 =
3
2
(siLγ
µbjL)
∑
q=u,d,s
eq(q
j
Lγµq
i
L). (9)
Heff is a linear combinations of four quark operators
of the form (q1b)(q2q3). These operators transform as
3
⊗
3
⊗
3 under SU(3)-flavor and can be decomposed
into sums of irreducible operators corresponding to ir-
reducible SU(3) representations: 15 , 6 , 3(6) , 3(3¯) where
the superscript index: ‘6’ (‘3’) indicates the origin of 3
out of the two possible representations arising from the
tensor product of q1 and q2. The SU(3) triplet repre-
sentation of quarks (qi) and its conjugate denoting the
anti-quarks (qi) consist of the flavor states;
qi =
 ud
s
 qi =
 d−u
s
 (10)
The unbroken dim-6 effective Hamiltonian contains
parts that transform as 3, 6, 15 under SU(3)-flavor.
The tree part of the effective Hamiltonian responsible for
b→ u transition has the following SU(3) decomposition ,
√
2HT
4GF
=
{
λsu
[
(C1 + C2)
2
(
−151 − 1√
2
150 − 1√
2
3
(6)
0
)
+
(C1 − C2)
2
(
61 + 3
(3)
0
)]
+ λdu
[
(C1 + C2)
2
(
− 2√
3
153/2 − 1√
6
151/2 − 1√
2
3
(6)
1/2
)
+
(C1 − C2)
2
(
−61/2 + 3(3)1/2
)]}
. (11)
The penguin part of the effective Hamiltonian is also SU(3) decomposed below,
√
2Hg
4GF
=
{
−λst
[
−
√
2(C3 + C4)3
(6)
0 + (C3 − C4)3(3)0
]
− λdt
[
−
√
2(C3 + C4)3
(6)
1/2 + (C3 − C4)3(3)1/2
]
− λst
[
−
√
2(C5 + C6)3
(6)
0 + (C5 − C6)3(3)0
]
− λdt
[
−
√
2(C5 + C6)3
(6)
1/2 + (C5 − C6)3(3)1/2
]}
, (12)
√
2HEWP
4GF
=
{
−λst
[
(C9 + C10)
2
(
−3
2
151 − 3
2
√
2
150 +
1
2
√
2
3
(6)
0
)
+
(C9 − C10)
2
(
3
2
61 +
1
2
3
(3)
0
)]
−λdt
[
(C9 + C10)
2
(
−
√
3 153/2 − 1
2
√
3
2
151/2 +
1
2
√
2
3
(6)
1/2
)
+
(C9 − C10)
2
(
−3
2
61/2 +
1
2
3
(3)
1/2
)]}
, (13)
where we have ignored the contributions from O7 and
O8 Electroweak penguin operators due to the smallness
of the Wilson coefficients C7 and C8 appearing in front
of them. For charmless b-decays, b → qcc, q = d, s con-
tributes as an independent 3 of SU(3) without affecting
the SU(3) structure of Eq. (11)-(13). With this particu-
lar choice of effective Hamiltonian and allowed final state
SU(3) representations, there are five independent SU(3)-
reduced matrix elements:
〈8 ‖ 3 ‖ 3〉, 〈8 ‖ 6 ‖ 3〉, 〈8 ‖ 15 ‖ 3〉
〈10 ‖ 15 ‖ 3〉, 〈27 ‖ 15 ‖ 3〉 (14)
and the SU(3)-reduced amplitudes arising from HT are
conveniently expressed as follows;
c8 = −(C1 + C2) 〈8 ‖ 3(6) ‖ 3〉
+
√
2(C1 − C2) 〈8 ‖ 3(3) ‖ 3〉
b8 = (C1 − C2) 〈8 ‖ 6 ‖ 3〉
a8 = (C1 + C2) 〈8 ‖ 15 ‖ 3〉 (15)
a10 = (C1 + C2) 〈10 ‖ 15 ‖ 3〉
a27 = (C1 + C2) 〈27 ‖ 15 ‖ 3〉.
The decay amplitudes for all possible ∆S = −1 and
∆S = 0 processes are expressed using Eq (15) and are
given in Table I and Table II respectively.
An alternate description of decay amplitudes is obtained
in terms of topological quark diagrams. The symme-
try properties of the final state decuplet baryons al-
low five possible diagrams starting from a flavor anti-
triplet b-baryon whose light quarks are in a flavor anti-
symmetric states. Those five independent topologies con-
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FIG. 1. Topological diagrams contributing to tree amplitude for anti-triplet b-baryon hadronic decays. The first five diagrams
contribute to Bb(3)→ B(10)P (8) processes. The last diagram contributes specifically to Bb(3)→ B(10)P (1) processes.
sist of three W -exchanges (E1, E1, E3), one tree (T )
and a penguin-like (Pq) (q being the flavor of the quark
going in the loop) amplitude where the marked quarks
are anti-symmetrized in the initial state baryon. In ad-
dition, a sixth diagram (S) appears after including the
decay modes containing the singlet η1. The mapping be-
tween the topological amplitudes and the SU(3)-reduced
amplitudes is given below,
c8 = −1
8
(
−
√
10E1 + 3
√
10E2 − 2
√
10E3
+ 8
√
10Pu + 2
√
10T
)
(16)
b8 =
1
4
(√
15E2 −
√
15E1
)
a8 =
1
24
(
5
√
6E1 + 5
√
6E2 − 10
√
6E3 + 2
√
6T
)
a10 =
1
3
(
2
√
3E1 + 2
√
3E2 + 2
√
3E3 −
√
3T
)
a27 =
√
2
3
T.
The topologies E3 and T are sometimes ignored in ac-
cordance with Korner-Pati-Woo theorem [103–107, 109–
115] based on “∆I = 1/2” rule which suggests that the
quark pair produced in weak interaction ending up in the
same baryon must be anti-symmetric in flavour space.
However, the accuracy of such a statement is depen-
dent on the modeling of the baryon-baryon transition
and exact SU(3) flavor symmetry. The details of the
arguments made to ignore E3 and T are reproduced in
Appendix D for completeness. We derive several inter-
esting tests (Eqs. (102)–(104) of Appendix D) to verify if
the contribution from the topological amplitudes E3 and
5T are indeed suppressed. We have chosen to include the
E3 and T diagrams throughout the rest of this paper for
generality.
The two approaches are equivalent and imply that in-
dividual topological amplitudes cannot be expressed in
terms of a single SU(3)-reduced amplitude and vice-versa
in these two basis. It is also important to note that the
topology, Pu, originate purely from the tree operators
i.e. O1 and O2 as emphasized in [23–27], even though it
is denoted by Pu and referred to as a penguin topology.
Moreover the W -exchange topologies being a four-quark
tree-like structure also contribute to the tree amplitudes.
The transition induced by QCD penguin operators,
given in Eq (12) is only a 3 under SU(3) and corre-
sponding SU(3)-reduced amplitude is identified with the
‘penguin’ amplitude Pt,
Pt = −
√
2(C3 + C4 + C5 + C6)〈8 ‖ 3(6) ‖ 3〉
+(C3 − C4 + C5 − C6)〈8 ‖ 3(3)0 ‖ 3〉. (17)
A. Relating EWP and Tree amplitudes
We begin this section by noting that the 15 and 6 part
of the Hamiltonian described in Eqs. (11) and (13) relate
the contributions to the decay from the tree and EWP op-
erators [16, 22, 30] respectively, so as to effectively obey
the following relations,
HEWP15 (∆S) = −
3
2
λ
s(d)
t (C9 + C10)
λ
s(d)
u (C1 + C2)
HT15(∆S)
HEWP
6
(∆S) = −3
2
λ
s(d)
t (C9 − C10)
λ
s(d)
u (C1 − C2)
HT
6
(∆S) (18)
These relations are valid independently for both ∆S =
{0,−1} decays and remain unaffected by the QCD pen-
guin operators since O3 and O4 transforms entirely as
a 3 under SU(3). Apriori, the 3(6) and 3(3) operators
do not follow a simple relation for arbitrary values of
C1, C2, C9 and C10. Since the set of SU(3)-reduced ele-
ments remains the same, in analogy to Eq. (15) one can
define,
cEW8 = (C9 + C10) 〈8 ‖ 3(6) ‖ 3〉
+
√
2(C9 − C10) 〈8 ‖ 3(3) ‖ 3〉
bEW8 = −
3
2
(C9 − C10) 〈8 ‖ 6 ‖ 3〉
aEW8 = −
3
2
(C9 + C10) 〈8 ‖ 15 ‖ 3〉 (19)
aEW10 = −
3
2
(C9 + C10) 〈10 ‖ 15 ‖ 3〉
aEW27 = −
3
2
(C9 + C10) 〈27 ‖ 15 ‖ 3〉.
The EWP reduced amplitudes bEW8 , a
EW
8 , a
EW
10 and a
EW
27
are expressed in terms of b8, a8, a10 and a27 defined in
Eq. (15);
bEW8 = −
3
2
C9 − C10
C1 − C2 b8, a
EW
8 = −
3
2
C9 + C10
C1 + C2
a8,
(20)
aEW10 = −
3
2
C9 + C10
C1 + C2
a10, a
EW
27 = −
3
2
C9 + C10
C1 + C2
a27
Using numerical values of the Wilson coefficients to
leading logarithmic order one obtains,
C9 + C10
C1 + C2
= −1.139α, C9 − C10
C1 − C2 = −1.107α. (21)
To a good approximation [22] these two ratios of Wilson
coefficients can be taken to be a common value [95, 96]
given by κ;
κ =
C9 + C10
C1 + C2
=
C9 − C10
C1 − C2 ' −1.12α. (22)
With this additional assumption, Eq. (20) implies that
the bEW8 , a
EW
8 , a
EW
10 and a
EW
27 are proportional to the tree
reduced amplitudes b8, a8, a10 and a27
bEW8 = −
3
2
κ b8, a
EW
8 = −
3
2
κ a8,
aEW10 = −
3
2
κ a10, a
EW
27 = −
3
2
κ a27. (23)
The equivalence of SU(3)-reduced amplitudes to topo-
logical diagrams, allows one to interpret PEWi as Elec-
troweak quark diagrams with one insertion of the Elec-
troweak penguin operator;
PEWEi = −
3
2
κEi (24)
PEWT = −
3
2
κT (25)
where, i = {1, 2, 3}. As mentioned earlier, there is no
simple relation between the 3 part of the EWP Hamil-
tonian to the tree part. There are, however, decays
where the 3 part of the Hamiltonian cannot contribute
to the formation of final states which require a pure
∆I = 1 or ∆I = 3/2 transition. For example, the decay
Λ0b → ∆+K− receives contribution from 6 and 15 part of
the effective Hamiltonian and in this particular case the
ratio of EWP and tree contributions is given entirely by
the simple ratio −3/2κ(λst/λsu). The SU(3)-reduced am-
plitudes for the penguin operators are provided in Eq. 84
and Eq. 85.
6∆S = −1 SU(3)− reduced amplitude Topological diagrams
A(Λ0b → ∆+K−) 160
(−5√2a10 − 3a27 − 8a8 + 4√10b8) − 1√6E1
A(Λ0b → ∆0K¯0) 160
(
5
√
2a10 + 3a27 + 8a8 − 4
√
10b8
)
1√
6
E1
A(Λ0b → Σ
′+pi−) 1
60
(−5√2a10 + 15a27 + 10a8 + 2√15c8 − 2√10b8) 1√6 (−E3 + Pu + T )
A(Λ0b → Σ
′0pi0) 1
30
(−3a27 − 3a8 −√15c8) − 12√6 (E2 − E3 + 2Pu + T )
A(Λ0b → Σ
′0η8) − 110√3
(
3a27 − 2a8 +
√
10b8
)
1
6
√
2
(2E1 − E2 − E3 − T )
A(Λ0b → Σ
′−pi+) 1
60
(
5
√
2a10 − 3a27 + 2
(
a8 +
√
15c8 +
√
10b8
))
1√
6
(E2 + Pu)
A(Λ0b → Ξ
′0K0) 1
60
(
5
√
2a10 + 15a27 − 10a8 − 2
√
15c8 + 2
√
10b8
)
1√
6
(E3 − Pu)
A(Λ0b → Ξ
′−K+) 1
60
(
5
√
2a10 − 3a27 + 2
(
a8 +
√
15c8 +
√
10b8
))
1√
6
(E2 + Pu)
A(Ξ0b → Σ
′+K−) 1
30
(−5√2a10 + 6a27 + a8 +√15c8 +√10b8) 1√6 (−E1 − E3 + Pu + T )
A(Ξ0b → Σ
′0K¯0) 1
60
(
10a10 + 9
√
2a27 −
√
2a8 −
√
30c8 − 2
√
5b8
)
1
2
√
3
(E1 + E3 − Pu)
A(Ξ0b → Ξ
′0pi0) 1
120
(−10a10 − 27√2a27 − 2 (√2a8 +√30c8 + 2√5b8)) − 12√3 (E2 + Pu + T )
A(Ξ0b → Ξ
′0η8)
1
120
(
10
√
3a10 + 3
√
6a27 − 2
(√
6a8 + 3
√
10c8 + 2
√
15b8
))
1
6
(2E1 − E2 + 2E3 − 3Pu − T )
A(Ξ0b → Ξ
′−pi+) 1
60
(
5
√
2a10 − 3a27 + 2
(
a8 +
√
15c8 +
√
10b8
))
1√
6
(E2 + Pu)
A(Ξ0b → Ω−K+) 160
(
5
√
6a10 − 3
√
3a27 + 2
√
3a8 + 6
√
5c8 + 2
√
30b8
)
1√
2
(E2 + Pu)
A(Ξ−b → Σ
′0K−) 1
60
(
12
√
2a27 − 3
√
2a8 +
√
30c8 − 2
√
5b8
)
1
2
√
3
(Pu + T )
A(Ξ−b → Σ
′−K¯0) 1
30
(
3a27 + 3a8 −
√
15c8 +
√
10b8
) − 1√
6
Pu
A(Ξ−b → Ξ
′0pi−) 1
30
(−12a27 + 3a8 −√15c8 +√10b8) − 1√6 (Pu + T )
A(Ξ−b → Ξ
′−pi0) 1
60
(−3√2a27 − 3√2a8 +√30c8 − 2√5b8) 12√3Pu
A(Ξ−b → Ξ
′−η8) 160
(
3
√
6a27 + 3
√
6a8 − 3
√
10c8 + 2
√
15b8
)
- 1
2
Pu
A(Ξ−b → Ω−K0) 130
(−3√3a27 − 3√3a8 + 3√5c8 −√30b8) 1√2Pu
TABLE I. Bb(3)→ B(10)P (8) decay ∆S = −1 transitions
∆S = 0 SU(3)− reduced amplitude Topological Diagram
A(Λ0b → ∆+pi−) 130
(−5√2a10 + 6a27 + a8 +√15c8 +√10b8) 1√6 (−E1 − E3 + Pu + T )
A(Λ0b → ∆0pi0) 1120
(
10a10 − 9
√
2a27 − 4
(√
2a8 +
√
30c8 + 2
√
5b8
))
1
2
√
3
(E1 − E2 + E3 − 2Pu − T )
A(Λ0b → ∆0η8) 124
(−2√3a10 − 3√6a27) − 16 (E1 + E2 + E3 + T )
A(Λ0b → ∆−pi+) 160
(
5
√
6a10 − 3
√
3a27 + 2
√
3a8 + 6
√
5c8 + 2
√
30b8
)
1√
2
(E2 + Pu)
A(Λ0b → Σ
′0K0) 1
60
(
10a10 + 9
√
2a27 −
√
2a8 −
√
30c8 − 2
√
5b8
)
1
2
√
3
(E1 + E3 − Pu)
A(Λ0b → Σ
′−K+) 1
60
(
5
√
2a10 − 3a27 + 2
(
a8 +
√
15c8 +
√
10b8
))
1√
6
(E2 + Pu)
A(Ξ0b → ∆+K−) 160
(−5√2a10 + 15a27 + 10a8 + 2√15c8 − 2√10b8) 1√6 (−E3 + Pu + T )
A(Ξ0b → ∆0K0) 160
(
5
√
2a10 + 15a27 − 10a8 − 2
√
15c8 + 2
√
10b8
)
1√
6
(E3 − Pu)
A(Ξ0b → Σ
′+pi−) 1
60
(−5√2a10 − 3a27 − 8a8 + 4√10b8) − 1√6E1
A(Ξ0b → Σ
′0pi0) 1
60
(−12a27 + 3a8 −√15c8 − 3√10b8) 12√6 (E1 − E2 − Pu − T )
A(Ξ0b → Σ
′0η8)
1
60
(−5√3a8 − 3√5c8 +√30b8) − 16√2 (E1 + E2 − 2E3 + 3Pu + T )
A(Ξ0b → Σ
′−pi+) 1
60
(
5
√
2a10 − 3a27 + 2
(
a8 +
√
15c8 +
√
10b8
))
1√
6
(E2 + Pu)
A(Ξ0b → Ξ
′0K0) 1
60
(
5
√
2a10 + 3a27 + 8a8 − 4
√
10b8
)
1√
6
E1
A(Ξ0b → Ξ
′−K+) 1
60
(
5
√
2a10 − 3a27 + 2
(
a8 +
√
15c8 +
√
10b8
))
1√
6
(E2 + Pu)
A(Ξ−b → ∆
′0K−) 1
30
(
12a27 − 3a8 +
√
15c8 −
√
10b8
)
1√
6
(Pu + T )
A(Ξ−b → ∆
′−K
0
) 1
30
(
3
√
3a27 + 3
√
3a8 − 3
√
5c8 +
√
30b8
) − 1√
2
Pu
A(Ξ−b → Σ
′0pi−) 1
60
(−12√2a27 + 3√2a8 −√30c8 + 2√5b8) − 12√3 (Pu + T )
A(Ξ−b → Σ
′−pi0) 1
60
(−3√2a27 − 3√2a8 +√30c8 − 2√5b8) 12√3Pu
A(Ξ−b → Σ
′−η8) 160
(
3
√
6a27 + 3
√
6a8 − 3
√
10c8 + 2
√
15b8
) − 1
2
Pu
A(Ξ−b → Ξ
′−K0) 1
30
(−3a27 − 3a8 +√15c8 −√10b8) 1√6Pu
TABLE II. Bb(3)→ B(10)P (8) decay ∆S = 0 transitions
7III. AMPLITUDE RELATIONS
The complete decay amplitude is given in terms of tree
and penguin SU(3)-reduced amplitudes and the CKM
elements,
A =λquAtree + λqtApenguin, (26)
where q = s, d denote the ∆S = −1, 0 process. Since
the SU(3) operators appear in EW and tree part of the
Hamiltonian in a particular combination, the same am-
plitude relations between ∆S = −1 and ∆S = 0 pro-
cesses are satisfied by the EWP part and the tree part.
Therefore, the following decay amplitude relations are
obtained;
A(Λ0b → Σ
′+pi−) = A(Ξ0b → ∆+K−), (27)
A(Λ0b → Ξ
′0K0) = A(Ξ0b → ∆0K0), (28)
A(Λ0b → ∆+pi−) = A(Ξ0b → Σ
′+K−), (29)
A(Λ0b → Σ
′0K0) = A(Ξb0 → Σ
′0K0), (30)
A(Λ0b → ∆+K−) = A(Ξ0b → Σ
′+pi−)
= −A(Λ0b → ∆0K0) = −A(Ξ0b → Ξ
′0K0), (31)
A(Ξ−b → Σ
′0K−) = − 1√
2
A(Ξ−b → Ξ
′0pi−)
=
1√
2
A(Ξ−b → ∆0K−) = −A(Ξ−b → Σ
′0pi−), (32)
A(Λ0b → Σ
′−pi+) = A(Λ0b → Ξ
′−K+)
= A(Ξ0b → Ξ
′−pi+) =
1√
3
A(Ξ0b → Ω−K+)
=
1√
3
A(Λ0b → ∆+pi−) = A(Λ0b → Σ
′−K+)
= A(Ξ0b → Σ
′−pi+) = A(Ξ0b → Ξ
′−K+), (33)
A(Ξ−b → Σ
′−K0) = −
√
2A(Ξ−b → Ξ
′−pi0)
=
√
2
3
A(Ξ−b → Ξ
′−η8) = − 1√
3
A(Ξ−b → Ω−K0)
=
1√
3
A(Ξ−b → ∆
′−K0) =
√
2
3
A(Ξ−b → Σ
′−η8)
= −A(Ξ−b → Ξ
′−K0) = −
√
2A(Ξ−b → Σ
′−pi0). (34)
The ∆S = −1 triangle relations are given below,
2A(Λ0b → Σ
′0pi0) +A(Λ0b → Σ
′−pi+) +A(Λ0b → Σ
′+pi−) = 0, (35)
A(Λ0b → ∆+K−) +A(Λ0b → Σ
′+pi−)−A(Ξ0b → Σ
′+K−) = 0, (36)
A(Ξ0b → Σ
′0K0)− 1√
2
A(Λ0b → ∆+K−)−
1√
2
A(Λ0b → Ξ
′0K0) = 0, (37)
√
2A(Λ0b → Σ
′0pi0)− 1√
2
A(Λ0b → Ξ
′0K0)−A(Ξ0b → Ξ
′0pi0) = 0, (38)
√
2A(Λ0b → Σ
′0η8) +
√
3
2
A(Λ0b → Ξ
′0K0)−A(Ξ0b → Ξ
′0η8) = 0, (39)
2√
3
A(Ξ0b → Σ
′0K0)−A(Ξ0b → Ξ
′0η8) +
1√
3
A(Ξ0b → Ξ
′0pi0) = 0, (40)
2A(Λ0b → Σ
′0pi0) +A(Λ0b → Σ
′+pi−) +A(Ξ0b → Ξ
′−pi+) = 0, (41)
2A(Λ0b → Σ
′0pi0) +A(Λ0b → Σ
′+pi−) +A(Λ0b → Ξ
′−K+) = 0, (42)
A(Λ0b → ∆0K0)−A(Λ0b → Σ
′+pi−) +A(Ξ0b → Σ
′+K−) = 0, (43)
A(Λ0b → ∆+K−)−A(Λ0b → Ξ
′0K0) +
√
2A(Ξ0b → Σ
′0K0) = 0, (44)
A(Λ0b → Σ
′0pi0) +
1
2
A(Λ0b → Σ+pi−) +
1
2
√
3
A(Ξ0b → Ω−K+) = 0. (45)
The ∆S = 0 triangle relations are also obtained,
√
6A(Λ0b → ∆0pi0) +A(Λ0b → ∆−pi+) +
√
3A(Λ0b → ∆+pi−) = 0, (46)√
3A(Λ0b → ∆0η8)−A(Λ0b → ∆0pi0) + 2A(Λ0b → Σ
′0K0) = 0, (47)
A(Λ0b → ∆+pi−)−A(Ξ0b → ∆+K−) +A(Ξ0b → Σ
′+pi−) = 0, (48)√
2A(Λ0b → Σ
′0K0)−A(Ξb0 → ∆0K0) +A(Ξ0b → Σ
′+pi−) = 0, (49)√
2A(Λ0b → ∆0pi0)−A(Ξ0b → ∆0K0)− 2A(Ξ0b → Σ
′0pi0) = 0, (50)√
2A(Λ0b → ∆0η8) +
√
3A(Ξ0b → ∆0K0)− 2A(Ξ0b → Σ
′0η8) = 0, (51)
8A(Ξ0b → Σ
′−pi+) +
√
2A(Λ0b → ∆0pi0) +A(Λ0b → ∆+pi−) = 0, (52)
A(Λ0b → ∆+pi−)−A(Ξ0b → ∆+K−) +A(Ξ0b → Ξ
′0K0) = 0, (53)√
2A(Λ0b → Σ
′0K0)−A(Ξ0b → ∆0K0)−A(Ξ0b → Ξ
′0K0) = 0, (54)
A(Ξ0b → Ξ
′−K+) +
√
2A(Λ0b → ∆0pi0) +A(Λ0b → ∆+pi−) = 0, (55)√
2A(Λ0b → ∆0pi0) +A(Λ0b → ∆+pi−) +A(Λ0b → Σ
′−K+) = 0 (56)
IV. SU(3) BREAKING EFFECTS
The SU(3) structure of the unbroken Hamiltonian is
modified by this term and to the first order in strange
quark mass, the broken Hamiltonian is made of the fol-
lowing SU(3) representations [19, 52, 54, 56, 61, 97–99],
(3⊕ 6⊕ 15)⊗ (1 + 8) = (3⊕ 6⊕ 15)
+ (3i ⊕ 6i ⊕ 151 ⊕ 152 ⊕ 1513
⊕ 1523 ⊕ 15
′ ⊕ 24⊕ 42),
where the subscript i = 1, 2, 3 indicates the origin of that
representation from 3 ,6, 15 respectively and  is the
SU(3)-breaking parameter. SU(3) breaking effects will
induce higher SU(3) representations and some of the am-
plitude relations will cease to hold as there are now thir-
teen independent SU(3)-reduced matrix elements. The
isospin relation,
A(Λ0b → ∆0K0) = −A(Λ0b → ∆+K−) (57)
and isospin triangle relations, for ∆S = −1,
2A(Λ0b → Σ
′0pi0) +A(Λ0b → Σ
′−pi+)
+A(Λ0b → Σ
′+pi−) = 0, (58)
and for ∆S = 0,
√
6A(Λ0b → ∆0pi0) +A(Λ0b → ∆−pi+)
+
√
3A(Λ0b → ∆+pi−) = 0, (59)
continue to hold. In addition, arbitrary SU(3)-breaking
but isospin conserving effects still forbid ∆I = 2 and
∆I = 52 transitions which results in general amplitude
sum rules,
A(Λ0b → ∆0K
0
) +A(Λ0b → ∆+K−) + 2A(Λ0b → Σ
′0pi0) +A(Λ0b → Σ
′−pi+) +A(Λ0b → Σ
′+pi−)
−
√
2A(Ξ0b → Σ
′0K
0
)−A(Ξ0b → Σ
′+K−)−
√
2A(Ξ0b → Ξ
′0pi0)−A(Ξ0b → Ξ
′−pi+)
+
√
2A(Ξ−b → Σ
′0K−) +A(Ξ−b → Σ
′−K
0
) +A(Ξ−b → Ξ
′0pi−) +
√
2A(Ξ−b → Ξ
′−pi0) = 0 (60)
2
√
3A(Λ0b → ∆0pi0) +
√
2A(Λ0b → ∆−pi+) +
√
6A(Λ0b → ∆+pi−)−
√
6A(Ξ0b → ∆0K
0
)−
√
6A(Ξ0b → ∆+K−)
− 2
√
6A(Ξ0b → Σ
′0pi0)−
√
6A(Ξ0b → Σ
′−pi+)−
√
6A(Ξ0b → Σ
′+pi−) +
√
6A(Ξ−b → ∆0K−)
+
√
2A(Ξ−b → ∆−K
0
) + 2
√
3A(Ξ−b → Σ
′0pi−) +A(Ξ−b → Σ
′−pi0) = 0. (61)
V. CP RELATIONS
The general decay amplitude for a spin-1/2 b-baryon
(B) to a spin 0 pseudo-scalar (P) and a spin-3/2 (D) is
given by,
M = −iqµuµD(a+ bγ5)uB, (62)
where uµD is the Rarita-Schwinger spinor for the spin-
3/2 decuplet baryon, qµ is the momentum of the pseudo-
scalar meson and uB is the spinor for the initial spin-1/2
b-baryon. The two coefficients a and b contain the CKM
elements as well as the same flavor structure as Atree
and Apenguin. The total decay rate for an unpolarized
b-baryon is given by,
Γ(B → DP) = |pD|
8pim2B
(2
3
m2B
m2D
2mB(ED +mD)|pD|2
)
(
|a|2 + |pD|
2
(ED +mD)2
|b|2
)
(63)
9where |pD| is the magnitude of the 3-momentum of the
decuplet baryon in the rest frame of the initial b-baryon.
The decay products can be in any one of the two possible
relative angular momentum states, l = 1 and l = 2 iden-
tified as P-wave and D-wave respectively. It is straight-
forward to connect the P-wave and D-wave amplitude to
the SU(3)-amplitudes
Γ(B → DP) = mB(ED +mD)|pD|
3
6pim2D
×
(
|AP|2 + |pD|
2
(ED +mD)2
|AD|2
)
(64)
where AP and AD are
AP = a =λquAPtree + λqtAPpenguin,
AD = b =λquADtree + λqtADpenguin, (65)
ACP is defined [98] subsequently as,
ACP =
Γ(B → DP)− Γ(B → DP)
Γ(B → DP) + Γ(B → DP)
=
∆CP (B → DP)
2Γ˜(B → DP) , (66)
where,
Γ˜(B → DP) = 1
2
(
Γ(B → DP) + Γ(B → DP)).
ACP is the sum of CP violating contribution from the
δPCP and δ
D
CP with appropriate phase-space factor multi-
plied:
ACP (B → DP) = τBBR(B → DP)
mB(ED +mD)|pD|3
6pim2D(
δPCP +
|pD|2
(ED +mD)2
δDCP
)
(67)
where τB is the lifetime of the beauty-baryon.
By definition,
δlCP (B → DP) = − 4J
× Im
[
Al∗tree(B → DP)Alpenguin(B → DP)
]
, (68)
J being the well known Jarlskog invariant. Based on
amplitude relations for the tree and penguin parts ob-
tained in Eq. (27) following δaCP relations [100–102] are
obtained,
δl(Λ0b → Σ
′+pi−) = −δl(Ξ0b → ∆+K−), (69)
δl(Λ0b → Ξ
′0K0) = −δl(Ξ0b → ∆0K0), (70)
δl(Λ0b → ∆+pi−) = −δl(Ξ0b → Σ
′+K−), (71)
δl(Λ0b → Σ
′0K0) = −δl(Ξb0 → Σ
′0K0), (72)
δl(Λ0b → ∆+K−) = −δl(Ξ0b → Σ
′+pi−)
= −δl(Λ0b → ∆0K0) = −δl(Ξ0b → Ξ
′0K0), (73)
δl(Ξ−b → Σ
′0K−) = −1
2
δl(Ξ−b → Ξ
′0pi−)
= −1
2
δl(Ξ−b → ∆0K−) = −δl(Ξ−b → Σ
′0pi−), (74)
δl(Λ0b → Σ
′−pi+) = −δl(Λ0b → Ξ
′−K+)
= −δl(Ξ0b → Ξ
′−pi+) = −1
3
δl(Ξ0b → Ω−K+)
= −1
3
δl(Λ0b → ∆+pi−) = −δl(Λ0b → Σ
′−K+)
= −δl(Ξ0b → Σ
′−pi+) = −δl(Ξ0b → Ξ
′−K+), (75)
δl(Ξ−b → Σ
′−K0) = −2δl(Ξ−b → Ξ
′−pi0)
= −2
3
δl(Ξ−b → Ξ
′−η8) = −1
3
δl(Ξ−b → Ω−K0)
= −1
3
δl(Ξ−b → ∆
′−K0) = −2
3
δl(Ξ−b → Σ
′−η8)
= −δl(Ξ−b → Ξ
′−K0) = −2δl(Ξ−b → Σ
′−pi0). (76)
for both l = P and l = D. Since, ACP depends on the
masses of the initial and final baryons as well as the final
state meson [71, 102], some approximation is needed to
obtain ACP relations between various modes. Ignoring
pD and mD differences between such modes, CP viola-
tion relations can be experimentally verified using the
relation,
ACP (Bi → DjPk)
ACP (Bl → DmPn)' −
τBi
τBl
BR(Bl → DmPn)
BR(Bi → DjPk) , (77)
where i, j, k and l, m, n are indices corresponding to the
various baryons belonging to the above mentioned δCP
relations. There is a further simplification in case i = l,
resulting in
ACP (Bi → Dj Pk)
ACP (Bl → Dm Pn) ' −
BR(Bl → DmPn)
BR(Bi → DjDk) , (78)
where the uncertainties due to lifetime measurement also
cancel out [67]. The decay asymmetry parameter (α)
can be measured from an angular distribution study of
the final states provided that the subsequent decay of the
decuplet baryon is parity violating. The relative strength
of the D-wave contribution [72, 102] is extracted from α;
α =
2Re(AP∗AD)|pD|/ED +mD
|AP|2 + |AD|2(|pD|/ED +mD)2 (79)
By systematically taking into account both partial wave
contributions, a reliable prediction for ACP relations is
possible.
VI. CONCLUSION
We have explored hadronic anti-triplet (3) beauty-
baryon into a decuplet baryon (B) and an octet pseu-
doscalar meson (P ), i.e. Bb(3) → B(10)P (8), based on
10
SU(3) decomposition of the decay amplitudes in a gen-
eral framework. This extends our previous analysis [88]
of the anti-triplet beauty baryon decays into the octet
or singlet of a light baryon and a pseudoscalar meson
and completes the application of the method to decays
involving any non-charmed baryon. We have shown that
in the most general case, the forty distinct decay modes
require forty independent reduced SU(3) amplitudes to
describe all possible ∆S = −1 and ∆S = 0 processes.
The dimension-6 effective Hamiltonian and allowed final
state SU(3) representations constrain the number of in-
dependent SU(3)-reduced matrix elements to five. An
alternative approach in terms of quark diagrams is also
provided and compared with the SU(3) decomposition
in the limit of exact SU(3)-flavor symmetry. We explic-
itly demonstrate a one to one correspondence between
the quark-diagrams and SU(3)-reduced matrix elements.
Both the approaches indicate that there exist several am-
plitude relations between different decay modes. We ex-
plicitly derive those sum rules relations between decay
amplitudes as well as relations between CP asymmetries.
We further probe the SU(3)-breaking effects in the decay
amplitudes at leading order in the SU(3)-breaking pa-
rameter and identify those amplitude relations that sur-
vive even when the SU(3) flavor symmetry is no longer
exact.
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Appendix A
SU(3)-decomposition of ∆S = −1 processes for a generic Hamiltonian without any dynamical assumptions:
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SU(3)-decomposition of ∆S = 0 processes for a generic Hamiltonian without any dynamical assumptions:
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Appendix B
T matrix for ∆S = 0 processes assuming the particular form of dim-6 tree Hamiltonian described in Eq. (11):
                                        A
(Λ
0 b
→
∆
+
pi
−
)
A(
Λ
0 b
→
∆
0
pi
0
)
A(
Λ
0 b
→
∆
0
η 8
)
A(
Λ
0 b
→
∆
−
pi
+
)
A(
Λ
0 b
→
Σ
′ 0
K
0
)
A(
Λ
0 b
→
Σ
′ −
K
+
)
A(
Ξ
0 b
→
∆
+
K
−
)
A(
Ξ
0 b
→
∆
0
K
0
)
A(
Ξ
0 b
→
Σ
′ +
pi
−
)
A(
Ξ
0 b
→
Σ
′ 0
pi
0
)
A(
Ξ
0 b
→
Σ
′ 0
η 8
)
A(
Ξ
0 b
→
Σ
′ −
pi
+
)
A(
Ξ
0 b
→
Ξ
′ 0
K
0
)
A(
Ξ
0 b
→
Ξ
′ −
K
+
)
A(
Ξ
− b
→
∆
′ 0
K
−
)
A(
Ξ
− b
→
∆
′ −
K
0
)
A(
Ξ
− b
→
Σ
′ 0
pi
−
)
A(
Ξ
− b
→
Σ
′ −
pi
0
)
A(
Ξ
− b
→
Σ
′ −
η 8
)
A(
Ξ
− b
→
Σ
′ −
K
0
)
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                                                              
〈1
0
‖1
5
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〉
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〉
〈8
‖ 6
‖3¯
〉
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      
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T matrix for ∆S = −1 processes assuming the particular form of dim-6 tree Hamiltonian described in Eq. (11):
                                        A
(Λ
0 b
→
∆
+
K
−
)
A(
Λ
0 b
→
∆
0
K¯
0
)
A(
Λ
0 b
→
Σ
′ +
pi
−
)
A(
Λ
0 b
→
Σ
′ 0
pi
0
)
A(
Λ
0 b
→
Σ
′ 0
η 8
)
A(
Λ
0 b
→
Σ
′ −
pi
+
)
A(
Λ
0 b
→
Ξ
′ 0
K
0
)
A(
Λ
0 b
→
Ξ
′ −
K
+
)
A(
Ξ
0 b
→
Σ
′ +
K
−
)
A(
Ξ
0 b
→
Σ
′ 0
K¯
0
)
A(
Ξ
0 b
→
Ξ
′ 0
pi
0
)
A(
Ξ
0 b
→
Ξ
′ 0
η 8
)
A(
Ξ
0 b
→
Ξ
′ −
pi
+
)
A(
Ξ
0 b
→
Ω
−
K
+
)
A(
Ξ
− b
→
Σ
′ 0
K
−
)
A(
Ξ
− b
→
Σ
′ −
K¯
0
)
A(
Ξ
− b
→
Ξ
′ 0
pi
−
)
A(
Ξ
− b
→
Ξ
′ −
pi
0
)
A(
Ξ
− b
→
Ξ
′ −
η 8
)
A(
Ξ
− b
→
Ω
−
K
0
)
                                        =
                                                        −
C
+ 1
,2
6
√
2
−
C
+ 1
,2
2
0
−
2
C
+ 1
,2
1
5
1 3
√ 2 5C
− 1,
2
0
C
+ 1
,2
6
√
2
C
+ 1
,2
2
0
2
C
+ 1
,2
1
5
−
1 3
√ 2 5C
− 1,
2
0
−
C
+ 1
,2
6
√
2
C
+ 1
,2 4
C
+ 1
,2 6
−
C
− 1,
2
3
√
1
0
C
+ 1
,2
2
√
1
5
−
C
− 1,
2
√
3
0
0
−
C
+ 1
,2
1
0
−
C
+ 1
,2
1
0
0
C
− 1,
2
√
3
0
−
C
+ 1
,2
2
√
1
5
0
−
√
3
C
+ 1
,2
1
0
C
+ 1
,2
5
√
3
−
C
− 1,
2
√
3
0
0
C
+ 1
,2
6
√
2
−
C
+ 1
,2
2
0
C
+ 1
,2
3
0
C
− 1,
2
3
√
1
0
C
+ 1
,2
2
√
1
5
−
C
− 1,
2
√
3
0
C
+ 1
,2
6
√
2
C
+ 1
,2 4
−
C
+ 1
,2 6
C
− 1,
2
3
√
1
0
C
− 1,
2
√
3
0
−
C
+ 1
,2
2
√
1
5
C
+ 1
,2
6
√
2
−
C
+ 1
,2
2
0
C
+ 1
,2
3
0
C
− 1,
2
3
√
1
0
C
+ 1
,2
2
√
1
5
−
C
− 1,
2
√
3
0
−
C
+ 1
,2
3
√
2
C
+ 1
,2 5
C
+ 1
,2
3
0
C
− 1,
2
3
√
1
0
C
+ 1
,2
2
√
1
5
−
C
− 1,
2
√
3
0
C
+ 1
,2 6
3
C
+ 1
,2
1
0
√
2
−
C
+ 1
,2
3
0
√
2
−
C
− 1,
2
6
√
5
C
− 1,
2
2
√
1
5
−
C
+ 1
,2
2
√
3
0
−
C
+ 1
,2
1
2
−
9
C
+ 1
,2
2
0
√
2
−
C
+ 1
,2
3
0
√
2
−
C
− 1,
2
6
√
5
C
− 1,
2
2
√
1
5
−
C
+ 1
,2
2
√
3
0
C
+ 1
,2
4
√
3
1 2
0
√ 3 2C
+ 1
,2
−
C
+ 1
,2
1
0
√
6
−
C
− 1,
2
2
√
1
5
C
− 1,
2
2
√
5
−
C
+ 1
,2
2
√
1
0
C
+ 1
,2
6
√
2
−
C
+ 1
,2
2
0
C
+ 1
,2
3
0
C
− 1,
2
3
√
1
0
C
+ 1
,2
2
√
1
5
−
C
− 1,
2
√
3
0
C
+ 1
,2
2
√
6
−
√
3
C
+ 1
,2
2
0
C
+ 1
,2
1
0
√
3
C
− 1,
2
√
3
0
C
+ 1
,2
2
√
5
−
C
− 1,
2
√
1
0
0
√
2
C
+ 1
,2
5
−
C
+ 1
,2
1
0
√
2
−
C
− 1,
2
6
√
5
C
+ 1
,2
2
√
3
0
−
C
− 1,
2
2
√
1
5
0
C
+ 1
,2
1
0
C
+ 1
,2
1
0
C
− 1,
2
3
√
1
0
C
− 1,
2
√
3
0
−
C
+ 1
,2
2
√
1
5
0
−
2
C
+ 1
,2
5
C
+ 1
,2
1
0
C
− 1,
2
3
√
1
0
C
− 1,
2
√
3
0
−
C
+ 1
,2
2
√
1
5
0
−
C
+ 1
,2
1
0
√
2
−
C
+ 1
,2
1
0
√
2
−
C
− 1,
2
6
√
5
C
+ 1
,2
2
√
3
0
−
C
− 1,
2
2
√
1
5
0
1 1
0
√ 3 2C
+ 1
,2
1 1
0
√ 3 2C
+ 1
,2
C
− 1,
2
2
√
1
5
C
− 1,
2
2
√
5
−
C
+ 1
,2
2
√
1
0
0
−
√
3
C
+ 1
,2
1
0
−
√
3
C
+ 1
,2
1
0
−
C
− 1,
2
√
3
0
C
+ 1
,2
2
√
5
−
C
− 1,
2
√
1
0
                                                              
〈1
0
‖1
5
‖3¯
〉
〈2
7
‖1
5
‖3¯
〉
〈8
‖1
5
‖3¯
〉
〈8
‖ 6
‖3¯
〉
〈8
‖3
‖3¯
〉
      
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P matrix for ∆S = 0 processes assuming the particular form of dim-6 gluonic and Electroweak penguin Hamiltonian
described in Eq. (12) and Eq. (13):
                                        A
(Λ
0 b
→
∆
+
pi
−
)
A(
Λ
0 b
→
∆
0
pi
0
)
A(
Λ
0 b
→
∆
0
η 8
)
A(
Λ
0 b
→
∆
−
pi
+
)
A(
Λ
0 b
→
Σ
′ 0
K
0
)
A(
Λ
0 b
→
Σ
′ −
K
+
)
A(
Ξ
0 b
→
∆
+
K
−
)
A(
Ξ
0 b
→
∆
0
K
0
)
A(
Ξ
0 b
→
Σ
′ +
pi
−
)
A(
Ξ
0 b
→
Σ
′ 0
pi
0
)
A(
Ξ
0 b
→
Σ
′ 0
η 8
)
A(
Ξ
0 b
→
Σ
′ −
pi
+
)
A(
Ξ
0 b
→
Ξ
′ 0
K
0
)
A(
Ξ
0 b
→
Ξ
′ −
K
+
)
A(
Ξ
− b
→
∆
′ 0
K
−
)
A(
Ξ
− b
→
∆
′ −
K
0
)
A(
Ξ
− b
→
Σ
′ 0
pi
−
)
A(
Ξ
− b
→
Σ
′ −
pi
0
)
A(
Ξ
− b
→
Σ
′ −
η 8
)
A(
Ξ
− b
→
Ξ
′ −
K
0
)
                                        =
                                                         
C
+ 9
,1
0
2
√
2
−
3
C
+ 9
,1
0
1
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
−
C
+ 9
,1
0
8
9
C
+ 9
,1
0
4
0
√
2
C
+ 9
,1
0
1
0
√
2
C
− 9,
1
0
2
√
5
2
D √
1
5
√
3
C
+ 9
,1
0
8
3 8
√ 3 2C
+ 9
,1
0
0
0
0
−
1 4
√ 3 2C
+ 9
,1
0
3
√
3
C
+ 9
,1
0
4
0
−
√
3
C
+ 9
,1
0
2
0
−
1 2
√ 3 10
C
− 9,
1
0
−√
2 5
D
−
C
+ 9
,1
0
4
−
9
C
+ 9
,1
0
2
0
√
2
C
+ 9
,1
0
2
0
√
2
C
− 9,
1
0
4
√
5
D √
1
5
−
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
C
+ 9
,1
0
4
√
2
−
3
C
+ 9
,1
0
8
−
C
+ 9
,1
0
4
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
−
C
+ 9
,1
0
4
√
2
−
3
C
+ 9
,1
0
8
C
+ 9
,1
0
4
−
C
− 9,
1
0
2
√
1
0
√ 2 15
D
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
C
+ 9
,1
0
5
−
C
− 9,
1
0
√
1
0
0
0
3
C
+ 9
,1
0
1
0
−
3
C
+ 9
,1
0
4
0
3
C
− 9,
1
0
4
√
1
0
D √
3
0
0
0
√
3
C
+ 9
,1
0
8
−
1 4
√ 3 10
C
− 9,
1
0
D √
1
0
−
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
−
C
+ 9
,1
0
4
√
2
−
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
5
C
− 9,
1
0
√
1
0
0
−
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
0
−
3
C
+ 9
,1
0
5
3
C
+ 9
,1
0
2
0
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
0
−
3
√
3
C
+ 9
,1
0
2
0
−
3
√
3
C
+ 9
,1
0
2
0
−
1 2
√ 3 10
C
− 9,
1
0
√ 2 5D
0
3
C
+ 9
,1
0
5
√
2
−
3
C
+ 9
,1
0
2
0
√
2
−
C
− 9,
1
0
4
√
5
D √
1
5
0
3
C
+ 9
,1
0
2
0
√
2
3
C
+ 9
,1
0
2
0
√
2
C
− 9,
1
0
4
√
5
−
D √
1
5
0
−
3 2
0
√ 3 2C
+ 9
,1
0
−
3 2
0
√ 3 2C
+ 9
,1
0
−
1 4
√ 3 5C
− 9,
1
0
D √
5
0
3
C
+ 9
,1
0
2
0
3
C
+ 9
,1
0
2
0
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
                                                               
〈1
0
‖1
5
‖3¯
〉
〈2
7
‖1
5
‖3¯
〉
〈8
‖1
5
‖3¯
〉
〈8
‖ 6
‖3¯
〉
〈8
‖3
‖3¯
〉
      
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P matrix for ∆S = −1 processes assuming the particular form of dim-6 gluonic and Electroweak penguin Hamilto-
nian described in Eq (12) and Eq (13):
                                        A
(Λ
0 b
→
∆
+
K
−
)
A(
Λ
0 b
→
∆
0
K¯
0
)
A(
Λ
0 b
→
Σ
′ +
pi
−
)
A(
Λ
0 b
→
Σ
′ 0
pi
0
)
A(
Λ
0 b
→
Σ
′ 0
η 8
)
A(
Λ
0 b
→
Σ
′ −
pi
+
)
A(
Λ
0 b
→
Ξ
′ 0
K
0
)
A(
Λ
0 b
→
Ξ
′ −
K
+
)
A(
Ξ
0 b
→
Σ
′ +
K
−
)
A(
Ξ
0 b
→
Σ
′ 0
K¯
0
)
A(
Ξ
0 b
→
Ξ
′ 0
pi
0
)
A(
Ξ
0 b
→
Ξ
′ 0
η 8
)
A(
Ξ
0 b
→
Ξ
′ −
pi
+
)
A(
Ξ
0 b
→
Ω
−
K
+
)
A(
Ξ
− b
→
Σ
′ 0
K
−
)
A(
Ξ
− b
→
Σ
′ −
K¯
0
)
A(
Ξ
− b
→
Ξ
′ 0
pi
−
)
A(
Ξ
− b
→
Ξ
′ −
pi
0
)
A(
Ξ
− b
→
Ξ
′ −
η 8
)
A(
Ξ
− b
→
Ω
−
K
0
)
                                        =
                                                         
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
C
+ 9
,1
0
5
−
C
− 9,
1
0
√
1
0
0
−
C
+ 9
,1
0
4
√
2
−
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
5
C
− 9,
1
0
√
1
0
0
C
+ 9
,1
0
4
√
2
−
3
C
+ 9
,1
0
8
−
C
+ 9
,1
0
4
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
0
3
C
+ 9
,1
0
2
0
3
C
+ 9
,1
0
2
0
0
√ 2 15
D
0
3
√
3
C
+ 9
,1
0
2
0
−
√
3
C
+ 9
,1
0
1
0
1 2
√ 3 10
C
− 9,
1
0
0
−
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
−
C
+ 9
,1
0
4
√
2
−
3
C
+ 9
,1
0
8
C
+ 9
,1
0
4
−
C
− 9,
1
0
2
√
1
0
√ 2 15
D
−
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
C
+ 9
,1
0
2
√
2
−
3
C
+ 9
,1
0
1
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
−
C
+ 9
,1
0
4
−
9
C
+ 9
,1
0
2
0
√
2
C
+ 9
,1
0
2
0
√
2
C
− 9,
1
0
4
√
5
D √
1
5
C
+ 9
,1
0
8
2
7
C
+ 9
,1
0
4
0
√
2
C
+ 9
,1
0
2
0
√
2
C
− 9,
1
0
4
√
5
D √
1
5
−
√
3
C
+ 9
,1
0
8
−
3 4
0
√ 3 2C
+ 9
,1
0
1 2
0
√ 3 2C
+ 9
,1
0
1 4
√ 3 5C
− 9,
1
0
D √
5
−
C
+ 9
,1
0
4
√
2
3
C
+ 9
,1
0
4
0
−
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
−√
2 1
5
D
−
1 4
√ 3 2C
+ 9
,1
0
3
√
3
C
+ 9
,1
0
4
0
−
√
3
C
+ 9
,1
0
2
0
−
1 2
√ 3 10
C
− 9,
1
0
−√
2 5
D
0
−
3
C
+ 9
,1
0
5
√
2
3
C
+ 9
,1
0
2
0
√
2
C
− 9,
1
0
4
√
5
−
D √
1
5
0
−
3
C
+ 9
,1
0
2
0
−
3
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
√ 2 15
D
0
3
C
+ 9
,1
0
5
−
3
C
+ 9
,1
0
2
0
−
C
− 9,
1
0
2
√
1
0
√ 2 15
D
0
3
C
+ 9
,1
0
2
0
√
2
3
C
+ 9
,1
0
2
0
√
2
C
− 9,
1
0
4
√
5
−
D √
1
5
0
−
3 2
0
√ 3 2C
+ 9
,1
0
−
3 2
0
√ 3 2C
+ 9
,1
0
−
1 4
√ 3 5C
− 9,
1
0
D √
5
0
3
√
3
C
+ 9
,1
0
2
0
3
√
3
C
+ 9
,1
0
2
0
1 2
√ 3 10
C
− 9,
1
0
−√
2 5
D
                                                               
〈1
0
‖1
5
‖3¯
〉
〈2
7
‖1
5
‖3¯
〉
〈8
‖1
5
‖3¯
〉
〈8
‖ 6
‖3¯
〉
〈8
‖3
‖3¯
〉
      
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The SU(3)-decomposition of decay amplitudes without
assuming SU(3)-breaking for 3 → 10 ⊗ 1 decay modes
are given below:
∆S = 0 processes:
A(Λ0b → ∆0η1) = −
C+1,2√
6
(λdu −
3
2
κλdt ) 〈10 ‖ 15 ‖ 3¯〉
A(Ξ−b → Σ
′−η1) = 0 (86)
∆S = −1 processes:
A(Λ0b → Σ0η1) = −
C+1,2
2
√
3
(λsu −
3
2
κλst ) 〈10 ‖ 15 ‖ 3¯〉
A(Ξ−b → Ξ
′−η1) = 0 (87)
We have used the following shorthand notation to express
the tree (T ) and penguin (P) matrices in a convenient
form:
(C10 ± C9) = C±9,10,
(C1 ± C2) = C±1,2,
(C3 ± C4) = C±3,4,
(C5 ± C6) = C±5,6,
and D is given by the particular combination of Wilson
coefficients:
D = − 1
4
√
2
(
C+9,10 +
√
2C−9,10
)
+
{√
2C+3,4 − C−3,4 +
√
2C+5,6 − C−5,6
}
. (88)
Appendix C
The flavor flow in five topologies [50] given in Figure 1
is described below;
E1 : B[ij]D
{kmj}M lkH
i
lm
E2 : B[ij]D
{kmj}M lkH
i
ml
Pu : B[ij]D
{kjl}M ikH
m
ml
T : B[ij]D
{lmj}M ikH
k
ml
E3 : B[ij]D
{klm}M jmH
i
kl
where B[ij], D
{klm}, Mxy are flavor wavefunctions of the
initial anti-triplet (3) b-baryon, the final state decuplet
baryon (10) and the octet meson (8) respectively. The
Hiab mediates the quark transition and for ∆S = −1,
∆S = 0 processes, the only non-zero contribution come
from the elements H113 = 1 and H
1
12 = 1 respectively.
According to the phase convention chosen for quark (qi)
and anti-quark (qi) flavor states in Eq. (10); the meson
wave-functions are given as,
K+ = us, K− = −su, K0 = ds, K0 = sd,
pi+ = ud, pi− = −du, pi0 = 1√
2
(dd− uu),
η8 = − 1√
6
(uu+ dd− 2ss), η1 = − 1√
3
(uu+ dd+ ss).
The initial b-baryon anti triplet B[ij] consists of the fol-
lowing states;
Λ0b =
1√
2
(ud− du)
Ξ0b =
1√
2
(us− su)
Ξ−b =
1√
2
(ds− sd).
The decuplet baryons are have a completely symmetric
flavor wave-function:
∆++ = uuu, ∆− = ddd
∆+ =
1√
3
(uud+ udu+ duu)
∆0 =
1√
3
(udd+ ddu+ dud)
Σ
′+ =
1√
3
(uus+ usu+ suu)
Σ
′0 =
1√
6
(uds+ usd+ dus
+dsu+ sud+ sdu)
Σ
′− =
1√
3
(dds+ dsd+ sdd)
Ξ
′0 =
1√
6
(uss+ sus+ ssu)
Ξ
′− =
1√
3
(dss+ ssd+ sds)
Ω− = sss
Appendix D
Considering only the tree operators in the effective
Hamiltonian,
Heff = C1O1 + C2O2 (89)
that can be recast as [103–107],
Heff = C−O− + C+O+, (90)
where C− = C1 − C2, C+ = C1 + C2 and
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O− =
1
2
(O1 −O2) = 1
2
(
(uiLγ
µbjL)(d
j
Lγµu
i
L)− (uiLγµbiL)(d
j
Lγµu
j
L)
)
(91)
O+ =
1
2
(O1 +O2) =
1
2
(
(uiLγ
µbjL)(d
j
Lγµu
i
L) + (u
i
Lγ
µbiL)(d
j
Lγµu
j
L)
)
. (92)
Rewriting O1 and O2 we get,
O1 =
1
4
[
(ui)α
[
γµ(1− γ5)
]
αβ
(bl)β
][
(d
j
)σ
[
γµ(1− γ5)
]
σλ
(uk)λ
]
δljδik, (93)
O2 =
1
4
[
(ui)α
[
γµ(1− γ5)
]
αβ
(bl)β
][
(d
j
)σ
[
γµ(1− γ5)
]
σλ
(uk)λ
]
δilδjk (94)
Using the following identity,
1
2
aijalk = (δilδjk − δikδjl)
one can write O− as,
O− = −1
2
.
1
2
.
1
4
aijalk
[
(ui)α
[
γµ(1− γ5)
]
αβ
(bl)β
][
(d
j
)σ
[
γµ(1− γ5)
]
σλ
(uk)λ
]
(95)
Using Firez transformation [108] one can recast Eq. (95) as [105],
O− = −1
4
1
2
alk
[
(b
l
)C(1− γ5) (uk)
]
︸ ︷︷ ︸
(bu)3
aij
[
(ui)(1 + γ5) (d
j)C
]
︸ ︷︷ ︸
(ud)†
3
(96)
where qC = Cq∗, C being the charge-conjugation oper-
ator. According to diquark mechanism [105, 106], the
diquark aij
[
(ui)(1 + γ5) (d
j)C
]
has a total spin 0 and it
transforms as a 3 and 3 under SU(3)F and SU(3)color
respectively. This diquark ending up completely in the
final state baryon cannot produce1 a decuplet baryon as
any quark pair inside the decuplet baryon transforms as
6 and 3 under SU(3)F and SU(3)color with a total spin
equaling 1. On the other hand, the operator Q+ which is
a product of SU(3)color sextet currents cannot produce
a color singlet baryon. In diagrams T and E3, the quark
pair antisymmetric in color and flavor [103, 104] orig-
inating from weak interaction ends up in the decuplet
baryon which is forbidden by the above mentioned argu-
ment [109–115]. Since the quark pair (ud)3 is in isospin
0 state2, the total quark transition obeys ∆I = 1/2 rule.
In contrast, in diagrams E1 and E2, the diquark argu-
ment is not applicable as only one of the quarks from
weak interaction form the final state baryon while the
other ends up in the meson.
As a consequence, the number of independent dia-
grams reduces to three. If we demand an equivalent
description of all possible decays in terms of SU(3)-
reduced amplitudes, some of the reduced amplitudes can
no longer be independent. The relation between the re-
maining diagrams and the SU(3)-reduced amplitudes is
given below,
E1 =
√
3 a10
4
− 2 b8√
15
, (97)
E2 =
√
3 a10
4
+
2 b8√
15
, (98)
P = −
√
3 a10
16
+
c8√
10
− b8√
15
(99)
where c8, b8, a8, a10, a27 are defined in Eq. (15).
Equivalently, the following relations hold for the
SU(3)-reduced matrix elements,
a27 = 0 (C1 6= 0, C2 6= 0) (100)
a8 =
5
8
√
2
a10. (101)
The reduction in number of independent SU(3)-reduced
amplitudes also imply additional amplitude relations
that are enclosed in the box:
1 Assuming the baryon made of the diquark and a third quark
transforming as a 3 and 3 under SU(3)F and SU(3)color the
final state transforms as SU(3)color : 3 ⊗ 3 = 1 ⊕ 8, SU(3)F :
3⊗ 3 = 1⊕ 8. Since baryons are color singlet, a 6 of SU(3)color
diquark can never form a baryon.
2 Only allowed isospin values in a 3 of SU(3)F is 0 or 1/2.
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A(Λ0b → ∆+pi−) = A(Ξ0b → Σ
′+K−) = −
√
2A(Λ0b → Σ
′0K0) = −
√
2A(Ξb0 → Σ
′0K0), (102)
A(Λ0b → ∆+K−) = A(Ξ0b → Σ
′+pi−) = −A(Λ0b → ∆0K0) = −A(Ξ0b → Ξ
′0K0), (103)
A(Λ0b → Σ
′−pi+) = A(Λ0b → Ξ
′−K+) = A(Ξ0b → Ξ
′−pi+) =
1√
3
A(Ξ0b → Ω−K+)
=
1√
3
A(Λ0b → ∆+pi−) = A(Λ0b → Σ
′−K+) = A(Ξ0b → Σ
′−pi+) = A(Ξ0b → Ξ
′−K+)
= −
√
2A(Ξ0b → Ξ
′0pi0) (104)
A(Ξ−b → Σ
′−K0) = −
√
2A(Ξ−b → Ξ
′−pi0) =
√
2
3
A(Ξ−b → Ξ
′−η8) = − 1√
3
A(Ξ−b → Ω−K0)
=
1√
3
A(Ξ−b → ∆
′−K0) =
√
2
3
A(Ξ−b → Σ
′−η8) = −A(Ξ−b → Ξ
′−K0) = −
√
2A(Ξ−b → Σ
′−pi0)
= −A(Ξ0b → ∆+K−) = A(Ξ0b → ∆0K0) = −A(Λ0b → Σ
′+pi−) = A(Λ0b → Ξ
′0K0) (105)
= −A(Ξ−b → ∆0K−) =
√
2A(Ξ−b → Σ
′0pi−) = −
√
2A(Ξ−b → Σ
′0K−) = A(Ξ−b → Ξ
′0pi−)
By measuring the phase-space corrected branching frac- tions and δCP one can test the diquark picture in bottom
baryon decays.
